swered that they prescribe pharmacological prophylaxis for VTE. 37.6% of them prescribe prophylaxis only to selected patients based on the level of risk, 87.7% prescribe low-molecular-weight heparin, and 42.4% start prophylaxis immediately after hospitalization. Only 61% of the inter viewed specialists prescribe physical prophylaxis; 82.8% of them use elastic stockings, 9.8% intermittent pneumatic compression, and 7.4% other mechanical devices. Physical prophylaxis is prescribed to all patients by 41%, and by 59% only in case of contraindication to pharmacological prevention. Inferior vena cava (IVC) fi lter insertion is considered by 47% when anticoagulation is contraindicated; 91.4% of them recommend the IVC fi lter only if deep vein thrombosis (DVT) has been diagnosed. Conclusions: Even when there are clinical guidelines, prescription of VTE prevention in patients with major trauma is underused and timing and modality of prophylaxis are rather heterogeneous. When anticoagulation is contraindicated, IVC fi lters are commonly recommended only in the presence of DVT. Venous thromboembolism (VTE) is a common, lifethreatening complication of severe trauma. Without prophylaxis, the reported risk of deep vein thrombosis (DVT) in patients with multiorgan or major trauma varies between 10 and 58% [1] [2] [3] [4] , with the variation in the rate being attributable to the study design and to the diagnos-
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Pathophysiol Haemost Thromb 2005;34:249-254 250 tic techniques. In a well-conducted prospective study of 443 patients with major trauma [2] , the rate of venography-proven DVT was 58%, and 18% of the patients had proximal DVT. In this clinical setting, the rate of fatal pulmonary embolism (PE) ranges between 0.5 and 2% [5, 6] and PE is the third most common cause of death in patients who survive the fi rst 24 h [2] . In this population at a very high risk of VTE, the optimal thromboprophylactic management can be very problematic because of the frequently associated increased hemorrhagic risk and because of the inherent heterogeneity of the trauma population. To our knowledge, there are still few trials that have adequately assessed the effi cacy and safety of pharmacological and mechanical prophylaxis in patients with major trauma. Several small randomized studies have evaluated unfractioned heparin (UFH) in this setting [4, [7] [8] [9] , and an important metanalysis [10, 11] clearly demonstrated that UFH is not effective in these patients, with an overall DVT rate of 10% compared with a 7% rate in the placebo group. On the other hand, low-molecularweight heparin (LMWH) was shown to be effective in two randomized trials carried out in patients with major trauma. Knudson et al. [12] compared enoxaparin (30 mg twice daily), foot pump and intermittent pneumatic compression (IPC), reporting a DVT rate of 1, 7 and 2%, respectively. Haentjens [13] showed in a series of 283 patients with major trauma that a fi xed dose of nadroparin (2,850 IU once daily) was at least as effective and safe as a dose of nadroparin adjusted for body weight and time after surgical intervention.
To our knowledge, only one randomized double-blind study using venography as the effi cacy end point has compared the effi cacy and safety of LMWH and UFH in this clinical setting; in 344 patients with major trauma, a statistically signifi cant reduction in the rate of DVT was observed in the group treated with LMWH with comparable safety results [14] .
The use of mechanical prophylactic methods is very attractive in patients with major trauma, especially when heparin prophylaxis is contraindicated. To our knowledge, elastic stockings have never been evaluated in trauma patients, while a number of well-conducted trials have demonstrated an acceptable effi cacy of IPC in the prevention of VTE in patients with severe trauma [4, 12, 15, 16] . The potential role of the prophylactic inferior vena cava (IVC) fi lter is still controversial and there are no randomized trials demonstrating a clear benefi t of IVC insertion in trauma patients. However, three recent studies have reported a low rate of PE in patients with severe polytrauma who underwent IVC insertion [17] [18] [19] . Currently, IVC fi lter insertion is primarily indicated for patients with demonstrated DVT and contraindications to anticoagulation [20] .
Based on the current literature, recommendations for VTE prophylaxis in patients suffering from major trauma are based on the available information derived from the limited number of studies performed in this specifi c setting in combination with extrapolations from other highrisk groups. In particular, the guidelines of the American College of Chest Physicians (ACCP) [20] strongly recommend the routine use of LMWH in the absence of contraindications due to concomitant bleeding. If LMWH prophylaxis needs to be delayed or is contraindicated because of concerns about bleeding, mechanical prophylaxis (elastic stockings, IPC) should be used. IVC fi lters may be inserted if proximal DVT is demonstrated and anticoagulation is contraindicated.
However, there is still little consensus on the timing and on the modality of LMWH administration and on the role of mechanical prophylaxis in case of bleeding contraindications. We tested the hypothesis that there is signifi cant practice variation in thromboprophylaxis management of patients with major trauma among intensive care unit (ICU) specialists.
Methods
We performed a telephone survey to assess the use of VTE prophylaxis in patients with major trauma among Italian ICU specialists. In Italy, there are 1,212 ICUs. In order to obtain a reliable estimate of clinical practice patterns throughout the country, we identifi ed four regional areas (northwestern, northeastern, central, and southern Italy) and we identifi ed public and private hospitals. Two major variables were considered to calculate the sample size: each interview had to represent a single department of intensive care (i.e. 1 interviewed ICU specialist represented one institution); the characteristics of the sampled departments had to be proportional to the characteristics of all Italian departments regarding the regional distribution, the defi nition of private or public, and the dimensions of the department based on the number of beds. Using the method described by Diamond and Jefferies [21] , the estimated sample size was 200, with a sampling error of 8 4.2% and a confi dence interval of 96%.
The inclusion criteria to select the ICU specialists for the interview were: at least 5 years of working experience following the completion of the residency program and age lower than 60 years. At the beginning of the interview, each participating ICU specialist was asked about the number of times he or she is usually involved in prescribing antithrombotic prophylaxis, about the specialist physician who is usually in charge of prescribing antithrombotic prophylaxis in his/her department, about whether he/she considered there was suffi cient evidence in the literature to support the routine use of thromboprophylaxis in this area and about the local use of guidelines on antithrombotic prophylaxis.
The fi rst part of the interview was focused on clinical management of pharmacological prophylaxis, the second on mechanical prophylaxis.
In the fi rst part, the interviewed ICU specialists were initially asked about their opinion on whether there is or is not suffi cient evidence to prescribe pharmacological antithrombotic prophylaxis (UFH, LMWH or other antithrombotic drugs) to patients with major trauma; whether they prescribe pharmacological antithrombotic prophylaxis in their daily clinical practice to such patients, and if so, whether they prescribe pharmacological antithrombotic prophylaxis to all these patients or just to selected cases. All those who answered 'selected cases' were then asked about which conditions they consider to be relevant for patient risk stratifi cation. These conditions were: age, previous episode of VTE, obesity, varicose veins, concomitant diseases representing a risk of VTE, absence of hemorrhagic contraindications, known thrombophilia, need for surgical procedures, and concomitant use of estrogen therapy. This question allowed multiple answers. At this point, ICU specialists who answered that they do prescribe antithrombotic prophylaxis were asked about which drug they use among low fi xed-dose UFH, adjusted-dose UFH, LMWH, or other drugs and what the reason was for preferring it, and fi nally about the timing when they administer the fi rst dose of the antithrombotic drug.
In the second part, the interviewed ICU specialists were asked whether they prescribe mechanical prophylaxis in their daily clinical practice to patients with major trauma, and if so, whether they prescribe this prophylaxis to all these patients or only in case of hemorrhagic contraindications to pharmacological treatment. At this point, ICU specialists who answered they do prescribe mechanical prophylaxis were asked about which methods they use: elastic stockings, IPC or others. Finally, the interviewed ICU specialists were asked whether they usually consider IVC fi lter insertion when anticoagulation is contraindicated, and if so, whether they prescribe IVC fi lters to all these patients or only when DVT has objectively been diagnosed.
The survey was carried out in July 2003. The selection of the sample and the interviews were carried out by a research organization specializing in telephone-based epidemiological surveys (ISIS Research, Milan, Italy). The telephone interviewers were carefully trained regarding the interview technique and the objectives of the research.
Results
All 200 ICU specialists asked to participate did so. Of them, 95% are directly involved on a regular basis in the prescription of antithrombotic prophylactic strategies to patients with major trauma; the remainder stated they prescribed antithrombotic prophylaxis less than once a month. In 68% of the surveyed departments, the ICU specialist is directly responsible for the prescription of antithrombotic prophylaxis. In the remaining 32% of the cases, the prescribing physician is a surgeon. Eighty-two percent of the interviewed specialists believed there was suffi cient evidence in the literature to support the routine prescription of antithrombotic prophylaxis in patients with major trauma. Seventy-two percent of the selected departments adopted or produced internal guidelines for VTE prophylaxis.
The fi rst part of the interview was focused on the clinical management of pharmacological prophylaxis in patients with major trauma. Only 82.5% of the interviewed ICU specialists believe that there is suffi cient evidence to prescribe antithrombotic prophylaxis to this patient population. Pharmacological antithrombotic prophylaxis is routinely prescribed by 85% of the interviewed ICU specialists. Among the prescribers, 62.4% prescribe antithrombotic prophylaxis to all patients with major trauma irrespective of the level of risk, whereas 37.6% select patients on the basis of the concomitant presence of risk factors or in the absence of hemorrhagic contraindications. The rate of prescription of antithrombotic prophylaxis is summarized in fi gure 1 and risk factors that predict drug selection are summarized in table 1 . Of all ICU specialists who prescribe antithrombotic prophylaxis, 87.7% prescribe LMWH, while 9.4% prescribe adjusteddose UFH and 2.9% fi xed low-dose UFH. Of interest, the main reason why LMWH is the preferred antithrombot- ic drug is the perception that it is safer than UFH. This answer was given by 57.3% of responders. Only 22% select LMWH because of a better-perceived effi cacy profi le. Forty-two percent of the polled physicians initiate prophylaxis immediately after hospitalization, while 35.9% start prophylaxis in the evening of the fi rst day of hospitalization, 9.8% do not start immediately, but according to the clinical conditions of the patient, and 5.9% on the day after hospitalization.
The second part of the interview was focused on the use of mechanical prophylaxis in patients with major trauma. According to the interviewed physicians, only 61% of the selected ICU specialists prescribe mechanical prophylaxis to patients with major trauma. Among the prescribers, 41% prescribe physical prophylaxis in association with anticoagulants to all patients with major trauma, whereas 59% of them do so only in case of the presence of hemorrhagic contraindications to pharmacological prevention. The rate of the prescription of mechanical prophylaxis is summarized in fi gure 2 . Of all ICU specialists who do prescribe mechanical prophylaxis, 82.8% prescribe elastic stockings, while only 9.8% prescribe IPC and 7.4% prescribe other mechanical devices.
In the case of a major contraindication to anticoagulation, only 47% of the interviewed clinicians would consider IVC fi lter insertion; among the prescribers, 91.4% would consider IVC fi lter insertion only after DVT has been objectively documented. The rate of prescription of IVC fi lters is summarized in fi gure 3 . 
Discussion
Despite the presence of clinical guidelines, VTE prophylaxis in patients with major trauma is still quite underused among Italian ICU specialists. Our survey found that 85% of the interviewed physicians regularly prescribe pharmacological prophylaxis in these patients, and only 62.4% of them recommend antithrombotic prevention to all patients irrespective of the level of risk, while 37.6% select patients on the basis of the concomitant presence of risk factors. This fi nding is quite surprising, because the very high thrombotic risk following major trauma should make VTE prophylaxis mandatory for all patients with major trauma, irrespective of the presence or absence of concomitant risk factors. However, even in very high-risk critically ill patients prophylactic measures are frequently underused [22] . Goldhaber [23] recently reported that in a mixed medical-surgical ICU population DVT prophylaxis was applied only to one third of the patients. Moreover, in a mail survey of 44 ICUs in Canada [24] , the directors of the units answered that decisions about the type of VTE prophylaxis employed were made for the most part on a case-by-case basis (62.1%), rather than by preprinted orders (17.2%), institutional policies (20.7%) or practice guidelines (6.9%). Several explanations for this underuse have been proposed: physicians may feel that the overall risk of VTE among patients has decreased suffi ciently so that prophylaxis is not warranted; clinicians are more concerned about bleeding complications than about thromboembolism, and it is widely believed that the subjective perception of the magnitude of the problem underestimates its true importance [20] .
Of interest, in our survey only 87.7% of the interviewed physicians who prescribe antithrombotic prophylaxis usually prescribe LMWH, while a not irrelevant percentage (12.3%) prefer UFH. This habit is in contrast with the data reported in the literature, which clearly show that UFH has little benefi t over no prophylaxis in patients with major trauma [10, 11] and it is statistically less effective when directly compared to LMWH [14] .
Another very important unsolved clinical problem is the optimal timing for starting heparin administration in patients with major trauma, in the light of the very high bleeding risk especially in the fi rst hours after hospital admission. We observed a great heterogeneity in the timing of the starting of prophylaxis, as evidenced by the observation that no strategy was associated with more than 50% agreement among respondents. This different behavior is likely due to the diffi culty to establish the hemostatic stability of the patients based on the clinical assessment in a standardized manner, and to the lack of clear guidelines in the literature [20] .
The usage rate of mechanical DVT prophylaxis for patients suffering from major trauma is surprisingly very low among Italian ICU specialists, despite the recommendations of the 2004 Consensus Conference of the ACCP [20] and despite the results of an important recent review [5] , which strongly suggested physical prevention when anticoagulation is contraindicated. In fact, only 61% of the interviewed physicians recommend physical prevention; among prescribers, 41% prescribe physical prophylaxis in association with anticoagulants to all patients with major trauma, whereas 59% of them only in the case of the presence of hemorrhagic contraindications to pharmacological prevention. Moreover, the most frequently used mechanical devices were elastic stockings (prescribed in 82.8% of the cases), even though no published randomized trials have ever evaluated their efficacy in trauma patients. Only 9.8% of the interviewed specialists suggest IPC, which is the most widely validated mechanical device in this clinical setting. Probably, the main reasons for underusing IPC include their inability to be applied in case of lower limb fractures or in case of plaster casts, a poor compliance by patients and nursing staff, the relatively high cost and the insuffi cient knowledge about their use by physicians.
There was another interesting result of our survey on the use of IVC fi lters in the presence of bleeding contraindications to pharmacological prophylaxis. Surprisingly, more than half of the interviewed clinicians (53%) answered that they usually do not consider IVC fi lter insertion at all even when anticoagulation is contraindicated; otherwise, among prescribers, 91.4% recommend IVC fi lter insertion only if DVT has been demonstrated, according to the recommendations of the guidelines of the ACCP [20] .
The underuse of these devices may be due mainly to the important limitations of both defi nitive fi lters (increased risk of DVT in the long-term follow-up after insertion) and temporary fi lters (diffi cult management). An attractive alternative seems to be the use of retrievable fi lters [25, 26] , which is particularly appealing for patients with major trauma, in whom the risk of PE remains high for a relatively short period of time. In a recent survey, 620 trauma surgeons revealed that the potential removability of these retrievable IVC fi lters would signifi cantly increase the prophylactic placement rate from 29 to 53% [27] .
Our results are limited in part by the design of the study. The opinion of a single physician may not ade-quately refl ect the clinical practice of the entire department where he/she works and may also not accurately refl ect true prescribing habits [20] . Moreover, the answer to a telephone interview may not entirely refl ect the real prescription habit of the interviewed specialist.
In conclusion, even in the presence of clinical guidelines, both pharmacological and mechanical antithrombotic prevention in patients with major trauma is still underused. Timing and modality of prophylaxis are rather heterogeneous. If pharmacological prophylaxis is contraindicated, the possibility of IVC fi lter insertion is taken into consideration only in 50% of the cases.
The interesting results of this survey strongly suggest that additional high-quality investigations on antithrombotic prophylaxis are required in this setting.
